
(Cronin)

Section V-4. Findings and Observations S1

Section VI. Impacts on Specific Stakeholder Groups••••••••••••••••••••••••••••••••••• 52

Section VI-I. The Elderly Group S4
Section VI-2. The High- and Low-Income Groups 57
Section VI·3. Findings and Observations 58

!ilMctiDll~. ~~LoICr •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• !i~

Section VU-l. The Telecommunications Input Substitution ModeL 61
Section VU-2. The Interindustry Model 63
Section VU-3. The Arkansas Economic Model 64
Section VU-4. Applications to the Arkansas Analysis 65
Section VU-S. Tenninology Used in this Report 75

Appendices

Appendix A Factor Prices, Factor Substitution, and the Relative Demand
for Telecommunications Across U.S. Industries 1

Appendix B References :. . . .. ... . .. . .. . . .. 14



P4l1 1 (Cronin)

1. INTRODUCTION
.

The research described here was perfonnecl by DRIlMcGraw-Hill for Southwestern Bell.
The purpose of the research is to assess the consequences of adopting the StipulatiOIl and
Agreement (Stipulation) f1led by Southwestern Bell and other parties on May 3, 1993, and
to provide policy makers insight into the past and future significance of
telecommunications netWork modernization to the economic wen-being of the state of
Arkansas.

In Section D of the report, we discuss the relationship between telecommunications
infrastNcture modernization and historical trends in U.S. productivity growth and fmd that
the telecommunications netWork has indeed been a vital input into the nation '.s economic
perfonnance.

In Section m. we analyze the contribution of telecommunications to the economic
perfonnance of Arkansas over the 1977-1991 period. Earlier studies by DR! have
demonstrated that telecommunications benefits the U.S. economy through the more
efficient production of telecommunications, and through the increased use of
telecommunications in place of more costly, less efficient means of production. l In this
section of the report, we quantify the effects of more efficient telecommunications
production and increased telecommunications usage on jobs, personal income, and tax
revenues in Arkansas over the 1977 to 1991 interval.

Section IV of this report presents an analysis of the implications for the Arkansas economy
of Southwestern BeD I s fuIure telecommunications netWork moderiUzation plans under the
Stipulation and under an aJtaDltive in which the Stipulation does not ocCur.

In Section V, we detail the extent to which telecommunications advances have influenced
two important issues that aR part of Arkansas' public policy agenda, namely health care
and education cost contaiDment. In Section VI of this report we examine the effects of
telecommunications on subgroups of Arkansas' population: low-income residents (the
lowest 20 % ranked by income per household), high-income residents (the highest 20 %
ranked by income per household), and the elderly (over 65).

1 For a further discussion of Ibe reI.aionIhip between t8IecoauIaallicaliOlll ef&cieDcy and productivity ,aiDs. refer to:

Francis J. CroniD. ec al. -Factor Prices. FICtOf 5ublliadion and die Re1aIive Demand for TelecommulUc:aDons
Across U.S. l...aa.i..-: ftr/orJNUiMt~ l1li4 Policy (I99J. No. S)

__ "Telecommullicaaions Technolol)'. Sectoral Prices, and Intamalional Compeatlvenes~·.

T,1,co1J'l11llllUClJIWILJ Polley rs.",."."IOcIDlH,1992)

__' -l.inkine Telecommullicatiolll aDd EcoDomic COIIIIpeIiIiv_-, TriqItDtry (7 s.plDllJwr 1992)

_' ~elecommunicalions InfrulruClUre and Economic Growth: An Aaalylis of C......IJly·.
T,l,cortllJllDliauloru Policy (DIC"";''' 199/)

_' "TelecommunicalioDl hafrUUUCtllfC lnvaanent aftCI Economic Deve.lopment". T,wcorrvruuUCIJIIOfIS PollC'

(AIIgwt 199J)
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Finally. in SectiOD vn of the repon we present the methodology and assumptions used in
our analysis of the relationship between telecommunications network infrastlUeture
enhancements and the economic perfonnance of the state of Arkansas. More detailed
methodological notes can also be found in ORIlMcGraw-Hill's repon, The Contribution of
Telecommunications Infrastructure to Aggregate- and Sectoral Efficiency.2

A summary of the fmdings is highlighted below:

T,kcommuniClJliDns UlHstIfWIt, productivity IIIIlI ,coIIDMk""wth

• Economic growth can result from either iDcreuing the use of inputs or an improvement
in total factor productivity, or a combiDation of the two. Productivity growth.
therefore, is a fundamental factor in cletenniniDg a nation's standard of living.

• Over the hundred year period, 1889 to 1988, the rate of total factor productivity
growth in the U.S. averaged 1.6CI per year, accounting for SO CI of the average annual
increase in real Gross Domestic Product (GOP). Since the early 196Os, the growth of
productivity for the U.S. economy has fallen below our historical perfonnance and the
contemporaneous perfonnance of other iDdustrialjzed nations. Researchers DOW

estimate that this deterioration in our productivity trends has lowered the standard of
living by as much as 40fl.

• Increased investment in publicly owned infrasttucture caD be used to stimulate the
economy. In addition, privately owned netWork providers can stimulate the economy
through modernization of their infraStnletul'es.

• Public infrastlUeture investment experienced viJtually no real growth over the 19~

1991 period. Over the same period, telecommunications and gross private investment
showed significant real growth. Telecommunications investment growth has generally
been about 69~ mgber than gross private investmeDt growth.

• The telecommunications industry has outpaced the total economy in productivity
growth. In fact, the telecommunications iDdustry iDcrased the productivity of its
production process by an average of 3.0% per year between 1963 and 1991.

T,kcommuniClllions InfnzstrudU" & CDmpdnNII'"

• Between 1963 and 1991, the price of telecommunications services fell 61 % relative to
the GNP price deflator and 64% relative to the average wage rate.

2 Francis J. Cromn. et. &I., n., ContriInuIon of T,kCOfMllDU'cIuioru lnfrtutrueru" 10 "'II"IG" tJIId S~c(oral

EJ!icinrcy, DRl/McGraw-Hill. February 1991.

DRIlMcGraw-Hill Page:
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• The u.s. economy as a whole increased its use of telecommunications as a percentage
of output at a rate of 3.9% per year over the 1965·1987 interval. This is 28% higher.
than the next highest industry.

• The combined impacts of improved production efficiencies by the telecommunications
sector and increased telecommunications consumption by other sectors saved the U.S.
1991 economy $102.9 billion in labor and capital.

• In 1982, the Consumer Price Index (CPI) was five percentage points lower as a result
of the productive impacts induced by the activity within the telecommunications sector

• Between 1977 and 1982, U.S. expons increased by over $SO billion as a result of
increased competitiveness induced by telecommunications infrastructure improvements.

• The resource savings due to telecommunications investment has positively affected both
economy-wide prices and international competitiveness and provided society with a
high rate of "social" return.

• Telecommunications can play an imponant role in iDfonnation dissemination by
providing rural communities with access to more extensive urban library systems.

• Advancements in telecommunications technology since 1963 have contributed to
savings in health care expenses. Potential applications of existing telecommunications
technology could save the U.S. economy $24 billion (current dollars) in 1995 and 538
billion by the year 2000.

• Annual education costs in 1991 would have been $8.4 billion higher had the technology
of telecommunications service provision not advanced since 1963.

HistoriClll T,kcOJllJlluraiCIItiDlIs NltWort MoMmiZlltiDn IIIId th, A1t.GIIIlU Economy

• Over the 1977-1991 time period, efficiency pins resulting from telecommunications
infrastructure modernization and increased usage since 1977 generated, on average,
almost 4,800 jobs per year in the Arkansas state economy.

• The productivity enhancements associated with telecommunications infrastructure
modernization generated a cumulative total of $361 million in nominal personal income
between 1977 and 1991 (an average of about $26 million per year), as well as $32.9
million in state and local tax revenue between 1977 and 1991.

• The CPl was 1.4% lower as a result of telecommunications-induced efficiency gains.
indicating that a dollar bought more goods and services in Arkansas in 1991 than it
could have without post-1977 infrastructure modernization.

DRIlMcGraw-Hill Page 3
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• On average, from 1977 to 1991, the average Arkansas household experienced the
equivalent of an additional 5144 in income per year due to the telecommunications
advances since 1977 (in 1991 dollars).

• Arkansas's economy would have shed an additional 2,300 jobs during the 1980-82
recession had telecommunications not advanced from 1977 technology.

Future TekcommuniCllliDns Networlc Motkmi%lltiDn IIIUl tlae ArUnS4S EcollOm,

• The future benefits of netWork modernization to the Arkansas economy can be
segmented into two effects. The flJ'St effect focuses on the contribution of network
construction activities to the Arkansas economy. The second effect relates to the
impact of telecommunications usage on the Arkansas economy.

• In the Accelerated Deployment scenario, where the Stipulation is adopted, additional
investment is made to modernize the network, and rates for cenain services decline, an
additional 9,400 person-years of employment are generated compared with the Limited
Deployment scenario over the 1993 to 2002 period. These additional jobs will translate
into 5480 million in additional personal income for Arkansas residents, and S46 million
in state and local tax revenues through 2002.

• In the Limited Deployment scenario where the Stipulation i~ not adopud aDd the
revenue requirement effect of this additional invesament is returned to the rate payer,
overall telecommunications usage is less than in the Accelerated Deployment scenario.
In this scenario, the efficiency induced by telecommuaic:ations usage will allow
employment to expand by 24,000 person-years over the 1993 to 2002 period. As a
result. both personal income and state and local tax revenues will also be higher.

.
• Returning the revenue requirement of the Company's additional investment to the rate

payer would generate approximately 3,200 person-years of employment over the 1993
to 2000 period. Most of these jobs will be in die personal service and retail trade
sectors as these sectors are primarily driven by Arkansas disposable income. This is
less than the "construction effect" associated with the Accelerated Deployment scenario
which generated 4,000 person-years of employment.

T,kcommuniClltions lllNstmem IIIUI R,1Ilt1a On tIIUl EaClltilln

• Assuming telecommunications reduced education costs in Arkansas in the same
proportion as cost reductions to total U.S. education, advances in telecommunications
production and consumption reduced 1991 Arkansas education costs by about 533.3
million. The cumulative savings enjoyed by the Arkansas economy over the entire
1977 to'1991 interval totaled $238.6 million in 1991 dollars.

• Assuming telecommunications reduced health care costs in Arkansas in the same
proponion as cost reductions to total U.S. health care, advances in telecommunications

DRIlMcGraw-Hill Page 4
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production and consumption reduced 1991 ArkaDsas health care costs by about $32.8
million. The cumulative savings enjoyed by the Arkansas economy over the entire
1977 to 1991 interval totaled $233.1 million in 1991 dollars.

T'MCtlllllllunictlliDns InVlItIII,ntlllUl S"d/ic SliIJr6l1olMr Groups

• Telecommunications services have the potential to improve the lives of AIbDsas I

elderly, low-income, and bigh-income residents through (1) increased access to services
and, (2) lower prices.

• The purchasing power of the averqe household ill Arkansas was 1.31i higher in 1991
than it would have been were it not for improvements ill telecommunications since
1977.

• The wealthiest 20Cl of tile population bas enjoyed tile Irear.est increase in spending
power as a rault of telecommunications advaDces. We estimate that the typical high
income household would have had to have spent an additional $S76 to purchase the
same goods and services as it had in 1991.

• Telecommunications-iDduced efficieDcy pins iDc:reued tile speDding power of low
income households by 1.1 Ii in 1991, or 5114.

• Elderly households may porenriaJly lac bebiDd die averqe bousebold in terms of
benefits accrued due to iDcreued telecommuDicati etlicieDcy because elderly
households consume proportionately fewer telecommunications-intensive applications
than the average household. Telecommunications-induced etlicieacy pins increased
the spending power of tile elderly by 1.1 " in 1991, or $ IS4.

DRllMcGraw-Hill
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II. TELECOMMUNlCAnONS MODERNlZAnON AND 111£ NAnONAL
ECONOMY

D-l. TELECOl\fMtJNlCATIONS INVESTMENT f PRODUCTIVITY, AND
ECONOMIC GROWTH

IDtroduction

This chapter provides insigbts into the reJationsbip between productivity growth and
telecommunications as well as the role tbat telecommunications can play in economic
growth at the nationalleveJ.3

Productivity Trends

"Productivity growth...is the single mtJSl inrponQlll daermi1l/l1U ofa NUion's
SlandlJrd of living, lhe consistent improvenuw of which is a .furuJtJ/Mntal
concem ofsound economic and sociJJl policy. ""{NtJtioMJ TMcolMlUllia:uiotlS and
InfomIQlion AdministrazWn. 1991)

Economists have long recognized a close relationship between productivity (the me at
which an economy transforms productive inputs into output) and'economic growth. By
improving productive efficiency (i.e., reducing the consumption or cost of inputs necessary
to produce a given level of output), an ecoaomy can sustain increased output, price
stability, and a risiDg st.aDda.rd of liviDg. Since World War II, special efforts in the
discipline of economics have been devoted to defming and measuring productivity, the
factors affecting it, and its rate of change.

Central to this discussion is the efficiency with which iDputS (e.g., labor, capital,
materials, energy, etc.) ~ combined in the production ptOCeSs--or, what economists call
toral factor productivity (TFP). The tenn "total factor productivity growth" is defmed as
changes in fmal outpUt per unit of combined labor, capital, and materials inputs.s Growth
in total factor productivity implies that a liven level of outpUt can be produced with a
smaller quantity of inputs or that a given amouat of· illputs can produce a greater quantity
of output. Either way, improvements in TFP make the economy better off.

For decades, the U.S. economy has been plagued by persistently low rates of productivity
growth. Since lhe 1960s, the growth ofproductivity for the U.S. economy htJs fallen below
our historical perfomu:mce and lhe contemport.lMOUS perfomumce of olher industrialized

3 For chis anIlylis, came illferyall uve been IeIecllICI tID _.i"v of reIi8ble cilia. WheDever feuible Wldw\ ltIe
c:oat.ext of IhiIlQIdy, anIly... have been upcIMIcI tID rdect .... 1DOIl .

4 171, N17A /,.frtJStrllCru" RtpoN: Tt16colMUlllietItiDIIs ill 1M Aft of /rafonrvJtion. WulWlllOn. DC: L: .S.
Department of Commerce, October, 1991, pale Cl.

5 Bureau of Labor Swimcs Multifactor Productivity IndelLes, Explanatory Note. Documenlalion from US Dept, of

Commerce. Bureau of Labor Swa-cs.
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nations. In fact, since the mid-1970s the U.S. economy has experienced almost no growth
in aggregate productivity. Low or sIag1lO1l1 rates ofproductivity growth imply lluu aclUlJ1
output growth is constraiMd 10 lhal which can be achieved oy increasing inputs. not by
improved elficitncits in IMir use.

From 1889 to 1988 period, the rate of total factor productivity growth in the U.S.
averaged 1.6% per year6--accounting for SO% of the averaae annual increase in real Gross
Domestic Product (GDP). In fact, between 1948 and 1966, total factor productivity
growth averaged 2.4% and accounted for 66«1 of the pill in real GDP. During the 19705,
U.S. productivity growth fell sUbstantially bebiDd historical rates. For the decade 1973
82, productivity levels in the U.S. actually dectiDed. U.S. productivity growth improved
following the 1981-82 recession, but continued to trail its historical average. Wbile the
U.S. remains ahead of Japan and Gennany in productivity levels for boCh the economy as a
whole and specific industries (e.g., scientific insuuments non-electrical machinery),'
productivity growth rates lag behind these imponant competitors.

With total factor productivity growth below long-tenn historical nonns, the U.S. bas
experienced a relative stagnation in the growth of real income per employee. 'The increase
in the proponion of two-earner households is, in part, an auempt on the pan of U.S.
households to maintain their standanl of living.

As shown in Ttlbk 11-1-1, much of the recent improvement in U.S. productivity growth
has been in the manufacturing sector, while the non-manufacturing sectors, including
construction, finance and insurance, personal services, and wholesale and retail trade, have
continued to be weak.8 Funhennore, ongoing research by DRIlMcGraw-Hi1l indicates that
a large proponion of the iDcrease in manufacturing productivity is based on government
statistical quality adjustments to the computer industry, which actually reflect increases in
processing power.9

6 John W. Kudric:k. "U .5. Productivity PerforlDUCe in ......ve." BuiIw.r.r £conomic.r. October 1991. pqe 7.

7

8

9

"America chc lUper-fit", 1711 Ect1ItDttWl, February 13, 1993, pap 67.

Non manufac:turiDI produc:Civicy 6.... CUI be derived "'p iafenDce by obIerviD& that manufaetuMe
procluc1ivity 6pru-a CllIlllJlIItIIIII of priVIIIe bu__ 6.....-an hi'" Iban chc t.oIal. H-.::e, the non
rnaaufac:lurill, leetOn which include COIIIhCQon, fiDaDce and ilaluruK:e, penonal services, and wholesale and

recaiJ trade. have lower productivity values.

F.J. Cronin. et a1.. -The Productivity of the InfOl'lllllioll Techaolol)' Seeton in the AJDerican Economy," work III

propus. DRJ/McQraw-Hill.
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TGbk 11-1-1
Tmuls in U.S. Productivity IIIUl

Gross Domtstic Product (GDP) Growth

..... GI'DWtb f.,l
1..13 IfB.C 1'11-90

Total Factor I'rocIuctmty
Pri..N.,.Fum 1.6 ~.5 1.2

2.5 ~.1 3.8
RIal GD' (Sltl'n 4.0 1.6 3.3
RIal GDP... 1.2 ~.2 0.7

Sourcea: TFP F...... In available from the aw.u of Labor Statistics.
GDP fiJUres are available from the Natioaal IDcome aod Product
Accouats. wNatioaal Product aad Income. W Table J.2.

Investment Trends

Traditionally, economists have examined capital and 1abor as the underlying driven of
growth. More recently, this analysis has been extended to account for improvements in the
"quality" of capital and labor inputs as a result of such fIctors as R&D and education. In
the 1980s. economists funher expanded their concept of inputs to include public
infrastructure. Public infrastnaeture, such as uansponation systems, were recopiz.ed as
pervasive netWorks with substantial implications for the productivity of the nation. In the
past few yean, the concept of productive infruUueture bas itself been expanded to
encompass "public" netWorks owned, operated, aDd maintained by "private" companies,
including telecommunications.

&Jaibit 11-1-1, below, compares trends in telecommunications infruUueture investment,
gross private investment, aDd public infruUucwre investment, from 1963 to 1991, indexed
to 1964, and measured iD ra1 1991 doUan. 'Ibis exhibit demonstrates that public
infrastructure investment experienced virtually DO real growth in the 1963-1991 interval.
In fact, when measured rtltltiw fD GNP, public infrastnleture investment is found to have
declined by 42~ . Over the same time period telecommunications and gross private
investment have shown sipificant real growth, with telecommunications investment
growing over three times, aDd gross private investment over two times their 1964 levels.
Telecommunications investment grew to nearly three times its 1964 level; gross private
investment grew to nearly two times its 1964 level. Telecommunications investment
growth has generally been about 69~ greater than gross private investment growth.

DRIIMcGraw-Hill Page 8



PIII~ 9 (Cronin).

Ezhibit 11-1-1

r,lecommuniCIItions In,/ra#rueture, Gross PriYIIl" ad
Public In,/ra#rueture InHflmmt

(11Ulu, 1964=1.0)

3.5

3

2.5

2 - ...
1.5

Telecommuaie:atiODS infrastructure inveatmeDt is defiDed U COIlllDOll carrier aDd dollleltic equipmeot
investment. Public iDfrutnacaare invlltmeDt is defiDed U to&a1 federal. stale. IDd local expeaditures for oew
public coastructioo.

In/act, the periodfrom 196.3 101985 WQJ' ch/uQc~trizedby heavy il'l'aJmt1ll in aptlllding
DIId modernizing lhe U.S. te1«t»llnul1UctIIion.s irifrtl.s11llCtU1't (Edibit D-l-1). The
telephone companies deployed technolopcal innovations that led to major new netWork
capabilities incluctin,: 1) computer-controUed switehiDl systems, 2) touch-tone signaling,
3) replacement of electro-mechanical switchiDl by analOl electronic switching, and analog
by digitaJ switching, 4) the extensive deployment of common channeJ signaling in the
nation IS Jong-distance netWork, and S) "diIital" transmission facilities and satellite
communications.

TelecommuDicatioDS Productivity

Driven by tbese investments, the telecommunications industry has increased its productive
efficiency. TlIble 0-1-2 shows that between 1963 and 1991, the total factor productivity of
the telecommunications industry climbed 3.0~ per year. AlmosllJS re11lll.1'kDbk WQJ' the
steadiness with which lhe It~commrmieatiorrs indu.frry improved its productivity--ir WQJ' one
ofa small set of industries genertUing subslQ1lliQl reJourre SQvings through tM /Olt 1970s.
when most 0/ the economy lapsed into produ.etivity losses. It was also the only industry
during the 1963 to 1991 period to lower its requirements in all three input categories
(labor. capital, and materials). Although much of telecommunications-induced
productivity gains are manifested in reduced labor requirements, the telecommunications

DRIlMcGraw-Hill Page 9
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industry also increased the efficiency with which it used both capital and materials. As a
result of improvements in telecommunications production efficiencies between 1963 and
1991, DRJ estimates that tbe nation I s economy saved 560.1 billion in total resources in
1991. In fact, telecommunications had the greatest improvement in its usage of capital and
labor of any industry.

Tab,. 11-1-2

lMJ,,*!bIMx 01Dbwct~ GGins
(1M3 tla1O..,1I 1"1, ill 1"1 .".,,)

TMal LMor Itht....
T....dDuaicatioas 3.0 0.• 2.3 0.3........ 2.• ~.I 2.1 0.4
e-p. 0f'Ilee a Non-EIec. MMb. 2.• 0.0 2.0 0.4
Electric .Ie Electronic Equipmeat 2.2 0.0 2.0 0.3
Tatilel 1.0 0.0 0.8 0.3
CIr_icaIs UId Products 1.0 0.0 0.7 0.3
Rubber a Plastics 1.0 0.0 0.8 0.2
FUI'IIiture 0.8 0.0 0.6 0.2
•••' .E Set,. 0.5 • 0.0 0.1 0.•......-............ 0.5 ~.1 0.6 -0.1
Apie. Food A ToIMMx:o. 0.5 0.0 0.3 0.2
Fabricated MIDIs 0.• ~.1 . 0.• 0.1
MGtar VebicIe. A MIte. 0.4 0.0 0.4 0.0
s...ClayAGa- 0.3 0.0 0.4 -0.1
........ aad PuIJ8IH. 0.3 0.0 0.3 0.0
T~tion and WuebouIia& 0.3 0.1 0.4 -0.3
..... Eltate 0.2 ~.I . 0.0 0.3
Am....ents 0.2 0.0 0.2 0.0
Lunaber and Wood JIroodudI 0.1 0.0 0.4 -0.3
LadIer 0.1 0.0 0.5 -0.4
Ma. 0.0 ~.2 0.7 -0.6
F1auce aDd IaIunDc:e ~.I -0.3 0.5 -0.3
WboItIale and ReWI Troa* ~.I ~.I 0.2 -0.3
PriIIIIary Metals ~.. ~.I 0.3 -0.6
PIn. a Mile. 590. ~.. 0.0 0.0 -0.4
Cru* Pet. Mini. A Ref. -0.5 ~.I 0.1 -0.4
ea-ruedon -0.6 0.0 -0.2 -0.4
UdUties -0.6 -0.2 0.1 -0.4
Autamoti.e ItepUr ~.7 ~.2 ~.I -0.3
Radio and TV -1.2 ~.5 0.0 -0.8

U.S. A....e 0.2 0.' 0.3 0.'
Source: DRl/McGraw-HiU. ne Leoatief IDdex II • IIIMIUre of obterved chaD,. Ul production

efficiency witbiD each iDclUitry and for the eatire ecoDOmy from 1963 to 1991.

DRIlMcGraw-Hill Page 10
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B-2. TelecommunicatioDS IDfrastnacture & Competitiven.

These productivity gains in combination with the fact mat real telecommunications
infrastnaeture investment grew at nearly twice the rate of real gross private investment and
more than six times the rate of real public invesanent, enabled the telecommunications
industry to substantially lower its price relative to the prices of other goods IDd services
(Exhibit 11-2-1). Bttwetn 196.3 tmd 1991, tM priCt of ItkcommuniCQlions .r~rvicu ftll
61 % rt/Qrive 101M GNP priCt tUjlaIor tmd 64% rtlmiw 10 tM avtragt walt rat~. This
substantial improvement in the relative price of telecommunications services had
implications for both users of telecommunications services and for the economy, in
general.

Ez1IibIt n-2-1

Price 0/ T'McoJlllJllUlialtions "s. W.." 1lIIt, IIIUl GNP Pric, Dl/llltor
(lruIu, 1963=1.0)

5---------------------------
4.5 ----- ---------------- ",

'91..... ",'"
."

4 ----------------------.......-7~---.:.-
.",. .", .

3.5 ----- ----------------.p~.--"'------
~ ".

~ • • GNP DIftIIor
3 -----------------""'l1.fI-<.,...;...--------",,:'2.5 ----- ",...,.......:0-.. _

."". '_
______...:..-__~:::::"'~"'~.:."~2"'~'~oI~T:..;II::a;;;'-~-~;;::==::2 ""- '!"'••

...... --: .. 1 ~

\5 =::~~~~~:-~~.;~::~~:::~:-=========
. - -:-...

~:-: .._r·.. · .

0.5 ------------.-------__;_----------

1963 \965 1967 I", 1971 1973 1975 \977 "79 1911 \913 191' 1917 1919 199.

Source: 1'he,.,.,.. i••ftDed as ulioaaJ "aa-'toIa1 eIlIIpIoymeDt. W.,. are available
from the Nalioaal1Dcome aad Product ACCOUDts, "Naliaaal Product uad IDeome". Table
1.14. EmplO)'DDt i. available from die U.S. Departmeat of labor. Bureau of Labor
S&I!i.tics. GNP Price deflator is available from the NalioaallDcome aDd Product ACCOUDts.
"NatioaaJ Product IIId 1Dcome. " Table 1.2. Price of TelecommUDicatioas is available from
the FCC via the Bureau of labor Statistics.

End-User Beaefits

These changes not only revolutionized production processes in the industry itself. but
affected the broader economy, particularly because telecommunications' services are a vital
and pervasive input in the production process of other sectors. IDdustries throughout the

DRlIMcGraw-Hill Page 11
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u.S. economy responded to these price reductions by increasing their consumption of
telecommunications relative to other inputs in their own production processes.

Input intensity measures the consumption of an input as a proportion of output. For
example, increases in intensity of telecommunications usage by industries reflect a relative
increase in telecommuDications seJVices as iDputs to their production processes. The
analysis of industry-specifIC telecommunications intensity provides insight into the
imponance of telecommUDieatioDs to individual industries and to socroral and ecoaomy
wide productivity. Wbetber an industry is telecommunications intensive or DOt, an
observed high rate of iDteasity growth reveals tbat the iDdustry bas found better ways to
produce its output by using relatively more cost-effective telecommunications. Changes in
real intensity of use of inputs are determined by two facton: 1) changes in technology,
reflecting changes in the ways inputs generate·output and 2) changes in prices that induce
substitutions of cheaper inputs.

In reviewing the level of intensity of usqe for 30 seeton by the national economy, DR!
has found that the proponionate industrial usage of telecommunications services bas grown
at a faster rate since 1965 tban the use of any other input. T'he economy as a whole
incrtUJSed its use of teleconurumieations as a percDUage of Olllplll at a rate of 3.9% per
year over the 1965-1987 inlerval. Considering that the second highest sector in intensity
growth from 1965 to 1987 was 28 ti lower than telecommunications, and less tban half of
all industries in the economy were more heavily used as inputs in 1987 than they were in
1965, telecommunications' growth of 3.9'" is indeed substantial.

Tllbk D-2-J preseDts data on tile level of telecommunications intensity for 30 industries.
In 1987, the averqe industry used $0.62 worth of telecommunications services to produce
5100.00 wolth of output, compared with 50.27 to produce the same outpUt in 1965. This
table also shows that tnditional service sectors are heavy usen of telecommunications
services: six of the top eight most telecommunications-intensive industries are service
oriented. Finance IDd iDsurance, personal and miscel1aDeous services, and business
services, wholesale and JIII&il trade and uansponation and warehol'sing are all well above
the national average. Furthermore, it is sipificant as an indicator of the relative degree to
which the national economy, in pueral, depends on ~unieations as an input that
the top eight telecommunications-intensive seeton produced 45.3'" of total U.S. output in
1987.
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Tab" 11·2·1

T,lecornrnflniCIIIiDIII COlUflrnpnoll as a P,ru,., ofCoIISflrnill, Industry Output
(MiUion, of1991 $ ofPurcluuld T,lIcollUllllllialliDns 41 a P,rcmt of TDttIJ Oulput)

1"5 1JI7 1..., ......-
\T........unications Telec...uaic:ations A....e Growth.. tty ,",-'t)' ~ ....

GruwlbRate

TeIecoauDuaicatioaa 0.70 1.10 4.36 8
FiDIDce IDd 1DIunace 0.11 1.55 2.97 15
Wbol.a1e aDd Retail Tnde 0.51 1.02 3.26 13
...... Servicea 0.75 0.99 1.26 26
T...-porwioa aDd W...., 0.38 0.93 4.11 10
Fabricaled Metals 0.23 0.90 6.29 4
Penoaa1. "Misc. Serlices. 0.32 0.83 4.44 7
Electric" Eleclronic Equip. 0.42 0.83 3.12 14
Rubber" PIulics 0.22 0.78 6.01 5
StaDe Clay" Glus 0.20 0.77 6.36 3
PriDtiq aad PublilhiD, 0.43 0.73 2.48 17
llIdio aDd TV 1.45 0.59 ~.03 30
IDItru.IDIDlS 0.44 0.55 1.03 27
AIIM......ts 0.29 0.54 2.92 16
Comp. Office & Noo-Elec. Mach. 0.33 0.54 2.21 20.
Prilliii)' Metals 0.13 0.46 5.82 6
AUIOIDOtive Re.,ajr 0.20 0.33 2.33 19
Textiles 0.21 0.29 1.47 24
MiDiDI 0.06 0.27 7.28 2.
Fumiture 0.24 0.27 0.49 29
CoDItnIctioD 0.11 0.26 4.14 9
Chemical. aad Products 0.18 0.25 1.63 23
Paper aad Paperboard 0.15 0.23 2.01 21
Lumber aDd Wood ProdUClS 0.10 0.23 3.78 12
Leatber 0.16 0.22 1.38 25
MOler Vehicle. It Misc. 0.15 0.22 1.77 22
R-.l &we 0.09 0.20 3.89 11
A.riculture. Food " ToblIcco. 0.14 0.17 1.02 28
Crude Pel. MiDial " Ref. 0.03 0.15 8.35 1
Utilities 0.07 0.12 2.37 18

U.S.A.....e 0.21 O.Q 3.16
Source: DRI/McGnw-Hl11
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It is particularly interesting to note that a substantial increase in the real substitution of
telecommunications per unit of other inputs by the average industry occurred over the
1982-1991 time frame. The real rate of substitution averaged approximately 1.2: 1 during
the 1965-1982 interval, indicating that. over this interval, the average industry saved an
additional 20 cents in real expenditures for other resources by substituting $1.00 of
telecommunications. Over the decade 1976-198S, annual net investment in
telecommunications increased by 130". Research by DR! indicates that the U.S. economy
requires almost five yean to incorporate up to SO" of the benefits from
telecommunications investmeDt, and seven to nine years to realize 90" of the beDef'its. 10

Given 'IUs subsranrial incrtlJS' in invut1MlU in rekconrmunieatioll.J over 1M 1976-1985
ilJl,rvtJllllld lhe DSSociDI,d ltzg SrructU1'e for ,114 beMjiu to be fully realiud by soci,ry, ir is
not sUl"prising thtu the ~l rtJI, ofsubstitution rose by 25" between 1982 and 1991.

ThL increase in tM real substitution rate of telecommunieatioftJ re/Qrive to other inpurs is
imporranr !JeCllllS' it refkcts IfIIl1'ktdly improved ,J!idtndes among end users in
incorporaring ttlecommunicarioftJ ilJlo tMir production processes. Such an increase can be
attributed to the convergence of such facton as: 1) the deregulation of consumer premise
equipment in the early 1980s making more equipment options available to end users; 2) the
partial deregulation of long distance services; 3) the advent and growth of new end-user
technology such as personal computers and fax machines; and 4) basic nenvork
modernization as mentioned above. These factors led to 'significant and sizable
improvements in the effectiveaess of the production processes of end-user industries. This
observation is supponed by econometric tests conducted by DR! that confmned a
statistically significant relationship between total investment in telecommunications
infra~~rocture and total factor productivity in the U.S.

Over 1982-91 the price of telecommunications services continued to decline relative to
other inputs. This improvement in price can be seen in the increase in the nominal
substitution ratio in telecommunications services for other inputs from 1.6: 1 in 1982 to
2.3:1 by 1991. This means that in 1991, for every nominal dollar increase in
telecommunications expenditures, $2.30 in other inputs were saved. The increase in the
nominal substitution ratio over this interval wu due to both the substantial increase in real
rates of factor substitution described above and the continuing drop in the relative price of
telecommunication services.

The benefits to end-users from telecommunications infrastructure investment, therefore, are
embedded in the substitution by industries of telecommunications services for other inputs
in their production processes. These benefits do not occur immediately, but, rather are
fully incorporated by end-usen over almost a decade. Empirical evitknce suggests tMt
substantial impacts 10 end u.sers can mull from ttlecommunictJtioftJ infrastructure
investment, aIbtit with tM appropriate lag following tM invulJ'M1JI and the availability of
new and advancing end u.ser applicarioftJ.

10 DRJ work in proJRSS.
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Implications for the EcoDomy

Clearly, the advancement in the quality of telecommunications and the decliDe in real
telecommunications prices contributed to a dramatic increase in the consumption of
telecommunications services. From a societal viewpoint, however, the significance is the
additional resources made available as telecommunications usqe displaced less efficient
and more costly resources. DR! estimates that the increased use of telecommunications in
place of other inputs over the 1963-1991 interval Slved the 1991 economy $42.8 billion in
labor and capital consumption.

Therefore, as summarized in Tab,. Q-2-2, our DIIlIlysis tkmonsrrtues thtJI 1M combintd
impacu ofimpro~dproduction ,jfici,ncies by 1M ,,~communiCQlions s,aor and incrllUld
,,~communicarionsconsumption by DlMr s,cton Mwd"" 1991 ,conomy 5102.9 billion in
labor and capital. In other words, bad these gains in telecommunications productivity not
occurred, the economy would have bad to use 5102.9 billion more in primary inputs to
achieve the level anet composition of GDP actually produced in 1991. 'Ibis $102.9 billion
of capital and labor represents 8.0% of the increase in primary inputs required by the
economy to support the growth in GDP which occulTed between 1963 and 1991.

Tab,. Q-2-2

1991 Savings in Totlll .so"tas
Du, to l"",rowtt T,"co"..lUIiI:IIIIons sillce 190

(lIIlliDru 0/1991 Do".,.,)

vlSa~1ID

........ Sa in T............Produdioa
- Ir¥ • tile of 0dIIr .........
Total a.oun. Sa_ Due to Id T unicaIioDI

Source: DRlIMcGraw-Hill

sa.1
$G.a

SIC.9

These resource savings caD be translated inIo identifllble and measurable effects that have
pervasive impacts on all aspectS of the economy. Specifically, the resource savings due to
telecommunications investment have positively affected both economy-wide prices and
international competitiveness and have provided society with a high rate of "social" return.

The productivity gains that have been attributed to advancemeats in telecommunications
infrastructure from 1963 to 1982 have been reflected in the relative prices of other goods
and selVices. Pr,vious Q1IIJlysis by DRI indicm,s thtJI thl ConsUlrllr Pric, Index (CPl) has
declined by fiv, perc'nIlJge pOiNS as a result of thl productiv, impacts induced by the
telecommunications infrastructure in~stml1ll.l1 Considering the implications of the CPI's
movement on vital components of the economy such as labor contracts, entitlement pay-

11 Francis J. Cronin. M. Gold. and S. Lewiaky. "Telecommunic:alions TechnoAoI)', Sectoral Prices, aJlCI lnter1lmonaJ
COmpelluveneu.· T,/,COIfVftIUIit:GliDtu Policy, SepcelDber/October 1992.
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outs, the standard of living, and international competitiveness, it is an impoltant yardstick
to measure the significance of telecommunications infrastructure on general economic weU~

being.

The inflation-fighting property of telecommunications investment had a sizable impact on
the U.S. trade position. For example, between 1977 and 1982, DR! calculmes thtu U.S.
uports increased by over $50 billion Q.S a result of increased con.petitivenas induced by
telecommunications infrasrructure improvemew .12

It is often useful when comparing altemative invesaneDt activities to develop ODe overall
measure, captul'iDl impactS across all dimensions of society. Recent research performed
by DR! has quantified the return on telecommunications investment to society13 using a
rate-of-return approach that captures the social ftlCUmS. 1IW tWJlysis indiClUes thtu the
constant dollar "social" rale of rerum auocifJIed wirh rI4l new nfJIion-wide
telecommunications invesDMnt W4S 27% over rM 1963 ro 1982 period. 1be nominal dollar
social rate-of-retum over this period was 32~ .1" 1bis iDdicates a rate-of-raum for society
substantially in excess of the lO~ rate employed by the Federal government's Office of
Management and Budget as a benchmark for the selection of public projects.

Regulated rates of retum for telephone companies are typically in the 12~ to lS~ range,
indicating that there is a sipificant gap between tile I'ClIUm to the compuy making the
investment decision and the retum to the society that stands to benefit from that decision.
This difference suggests rUtM IOttU benefit to society from 1M investment activity in
telecommunication.s far uceeds 1M retums to 1M firm Dr industry mDking lhe investment.

Consistent with the social rate-of-retum fJlUres for domestic telecommunications
investment calculated by DRI, are rates of retum associated with recent
telecommunications investment projects by the World BalIk that ranled from 11 ~ to 35 %,
averaging 18 %.15 Where it has been possible to calculate them, the economic rates of
return have been found to be in the 17~ to 50~ range, averaging 27%.

12 Ibid.

13 Privat.e inveIanent dlIcliIi.-I an typiaaIly .... on the buia of the ...... .-an to tile iIIv..". However. if the
iIIY_ under con.dllllliou iI~ to .-..ce public:~. tile .-an OIl u.v-nt mould be

meuuNd in WIllI of poll j" ...... to bodl the iav.-r ud the pubIic:. ,..Ii" the iIIv.-o1"S NlUm co 1M

excJulion of public benefita could pIIIIly lUI.... ri-at.e ne~ of lie illY........ and lead co buJlncSS

_llions chat may biDder economic P'OW'h •• MIioaal or ...pona1leve1.

14 Privat.e inv_ dec:iIiona an l)Ipic:aDy on .... buiI of••UfM'" .-an to tile illY..... However. if lbe
invesanent under CORIidIfltioll iI to .......,. public: .......... die ,..,.. on inv_ Itlould be

measured in Iel'mS of pollIaIiIl bene&I to bodl the ia~.. die pabtic. PNdic:tin& che inveItor's relIlm co !he
exclusion of public beMau could pudy uadenllcilaat.e che lnIe iqMJftance of Ihe invaanenr and lead co busUtCSS

decisions chat may hinder economic powtb •• naDOaal..... or repouIleve1.

15 Saunden. pale 13.
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D-3. Telecommunications aDd Other Critical PubUe PoUey Issues

The previous section discussed the critical role telecommunications bas played in
improving the nation's productivity growth rate, standard of living, competitiveDeU, aDd
price level. This section will review the additional positive impact telecommunications has
had on issues now at the top of the public policy apoda: the costs of providiDg health care
and educational services. Indeed, as fiscal pressures on state and local budgets build, funds
for critical services such as education and health care have become increasingly scarce.

Studies by DR! have shown that wbile the costs of modemiziDg the public switched
netWork are not trivial, they are nonetheless relatively low wben compared with the cost of
providing other types of social services. For example, households in a typical.large urban
area on the East Coast in 1989-90 spent approximately SSS OD lihrary expenses. Such an
expense is above most estimates of modernization costs.

Moreover, telecommunications may have the ability to improve information dissemination
by providing service more widely, as well as increasing the volume of information
available. Indeed, access to the entire Library of Congress may be feasible. 'Ibis
consideration is particularly important in areas that are typically information poor, such as
rural communities.

"In the absence ofan Q&Cusible fl1Id nliable tel«ommuniClllion servict such
{inf017'l'l/llion processing] activitiu suffer a variety of inl!jJfciendu, including
the crtlJlion of11II:U'UU in which a few infomrDlion-rich int!ividulJls art ablt
10 gain signiftcaru adwuuage over the mqjority of those who an information
poor. "J6 ISalutlJenJ .

Analysis conducted by DR! also shows that direct hralth care costs would have been
measurably higher in every year from 1963 tbroulh today, had the tecbDology of
telecommunications service provision not advanced from methods in 1963. AnnIIill savings
in hetJlIh can upensu dw to tekcommuniClllions adWJncu since 196.3 hlJve rtQChed or
exceeded 0.8% of total COIlS since 1980 fl1Id hlJve 1'tDCMd or ucetdtd 1" of tOlal COS1S
since 1988. Moreover, there is reason to believe that the full potential of
telecommunications as a substitute for more expensive inputs and processes has not yet
been realized. POIDllitJl appliClllions ofuisting lekcommuniCtJlions lechnology could save
lhe U.S. economy $24 billion (CIl1TVIl dollars) in 1995 fl1Id $.38 bilbon try the yttJr 2000.

In addition to health care costs, both public and private education costs would have been
measurably higher in every year from 1963 through today, had the technology of
telecommunications service provision not advanced from methods in 1963. Annual
education costs in 1991 would have been S8.4 billion higher had the technology of
telecommunications service provision not advanced since 1963.

16 Raben J. Saunden. Jeremy J. Warford, and Bjorn Welleaius. T,II~ tIIIli Ea»tomIC D,II,lop".,nr.
John Hopkins University Preu, Babimore. Maryland. 1983. pale IS.

DRIlMcGraw-Hill Page 17



Pa" 18 (Cronin)

n-4. FiDdiDp and Observations

The historical private infrasuucture investment pursued by the telecommunications sector
has resulted in identifiable and measumble impacts on the national economy. Specifically,
network modernization increased telecommunications production efficiencies, lowered
telecommunications service prices, increased eud-user productivity and positively impacaed
inflation and the U.S. trade deficit. This implies that without advuces in
telecommunications production, the U.S. ecoaomy would have experienced grater
declines in productivity during the 19705 aDd a slower recovery in the 19805. Key fiDdings
include:

• From 1889 to 1988, the rate of toW factor productivity powth in the U.S. averapd
1.6% per year. Since the early 1960s, the growth of productivity for the U.S.
economy has fallen below our historical perfonnance and the contemporaneous
perfonnance of other industrialjUJd nations.

• Public infrasuucture investment experienced virtually no real growth over the 1963
1991 period. Telecommunications and gross private invesanent, however, sbowed
significant real growth.

• The telecommunications industry increased the productivity of its production process by
an average of 3.0 «Ai per year between 1963 aDd 1991, faster than any other sector of the
economy.

• Between 1963 and 1991, the price of telecommunications services feU 6141 relative to
the GNP price deflator and 64 «Ai relative to the average wage rate.

• The U.S. economy as a wbole increased its usage of telecommunications as a
percentage of output at an annual rate of 3.9 «Ai over the 1965-1987 interval.

• The combined impacts of improved production efficiencies by the telecommunications
sector and increased telecommunications consumption by other sectors saved the 1991
U.S. economy $102.9 billion in labor and capital.

• The resource saviDp due to telecommunications investment have positively affected
both economy-wide prices and international competitiveness and provided society with
a high rate of "social" return.

• Advancements in telecommunications technology since 1963 have contributed to
savings in health care and education expenses. PoteDtial applications of existing
telecommunications teebnolOlY could save the U.S. economy $24 billion (culTent
dollars) in 1995 and 538 billion by the year 2000 in bea1th care expenses; annual
education costs in 1991 would have been 58.4 billion higher had the technology of
telecommunications service provision not advanced since 1963.
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111. HISTORICAL IMPACT OF TELECOMMUNICATIONS INFRASTRUCnJRE ON
THE ARKANSAS ECONOMY

lDtroductioD

This section describes the historical relationship between telecommunications infrastructure
modernization and the overall economic perfOI'llWlCe of the state of Arkansas. Economic
perfonnance is measured using tax revenues, employment, prices, and iDcome.
Telecommunications infrutrueture includes local excbaDge carrien, lonc-distaDce
prOviden, and other communications carrien, as well as private nerworks. The fipres
reponed here are defmed as the difference between the actual 1977 throulb 1991 levels of
employment, income, and tax revenues in ArkInsas aDd those that would have been
generated during this period if the telecommunications iDfrasUueture bad not been
modernized since 1977.

Overview

The ability of industries in Arkansas to translate enhanced telecommunications production
and consumption into gteater cost-competitiveness bas affected the state's employment,
income and tax revenues. Our research shows that advlDCeS in telecommunications
technology since 1977 have allowed iDdustries to lower production costs. With the
ovenight of replaton, and by producing telecommunications services more efficiently
since 1977, the telecommunications industry bas been able to lower its prices relative to
other prices as reflected in the overall price level (see SeedOD D for further discussion).
Thus, industries pay less to produce their output because modem telecommunications
production technololty enables firms to purchase tbeir telecommunications needs more
cheaply. Furthennore, new and enhanced telocommunications services have enabled
industries to expand their use of telecommunications relative to their use of other, more
costly inputs, such as transponation, lodging, and delivery services. 'Ibis trend has also
contributed to significant per-unit cost savings in the production process.

DR! has quantified the relatioDsbip between each industry's increase in t~lecommunications

consumption and its conesponding cost saviqs per-unit output, using the
Telecommunications Input Substitution Model (see SeedOD VD for a further discussion).
This model represents a state-of-the-an system of industry-specific econometric equations
that expresses an industry I s production function, and explains how input choices change in
response to external facton such as technology, shifting input prices, and economies of
scale. DR! uses this· model to calculate each industty I s "telecommunications substitution
ratio," the amount of alternative inputs that an industry can eliminate from its production
process while maintaining output constant when it iDcn:ases its use of telecommunications.
By applying each industry'S substitution ratio to the Arkansas economy, DR! is able to

detennine the degree to which each Arkansas industry has translated increased
telecommunications consumption into lower unit costs since 1977.
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These direct industry cost savings have additicmal impacts on downstream industries. In
the competitive marketplace, lower input costs an: generally tmDslated into lower output
prices. DR! estimates indirect cost savings using the Interindustry Model (see Section VB
for a funher discussion). This model is an accounting system of all sales and purchases
between industries and from industries to fmal consumers that take place as each industry
in the economy produces enough goods or services to satisfy its demand. For example, the
model keeps a record of the amount of eoeJ'IY the steel iDdustry must purchase to produce
a sufficient amount of steel to meet demaDd. When telecommunications-induced
efficiencies cause energy prices to fall, DR! aDalysts use the information in the
Interindustry Model to calculate the specific percentage by which steel producers' input
costs decline wben the price of eMil)' drops by a specific pen:earage. But the model also
keeps a record of the amount of steel that the automobile industry must purchase in order
to meet demand for cars. We then use this illformation to calculate the specific percentage
by which car makers' input costs dectiDe wben steel prices drop by a certain amount.
lbus, using this model, we can estimate the toW direct and indiJect cost savings
throughout the entire Arkansas economy due to advanced telecommunications technology.
DR! fmds that once all of these cost-saving factors an: simultaneously taken into account,
the average Arkansas industry in 1991 produced its output at 1.2 CI lower cost than it would
had telecommunications teclmololY not advanced since 1977. A listing of cost savings
experienced by each Arkansas industry as a result of an enhanced telecommunications
infrastnleture is presented in TIIbk m-l-l.

The cost savings helped to lessen the cost of doing business in Arkansas, and to retard
business out-migration over the past decade. Consumers also shifted some of their
consuMption from out-of-state products to Arkansas products. More importantly, many
consumers made purchases they would not have been willing to make at all in a less cost
competitive environment. These sources of demand combined to spur ecoDOmic activity in
Arkansas, which boosted employment and real wages, generating greater spending power.
New spending then spurred funher economic activity, leading to funher gains in
employment and real wages, and so on, UDtil upward pressure on wages began to slow
economic growth until it was broucbt back into balance. Had Arkansas maintained the
telecommunications usage of 1m, these benefits would not have occurred.

DR! has quantified tbe relationship between lower production costs and overall economic
expansion using the Arkansas State Model (see Sectioa VB for a funher discussion). lbis
model is a system of 1SO econometric equations that Unk a wide variety of concepts.
including employment, wages, income, state and local taxes, housing, and consumer
prices. We use it to estimate the extent to which a decrease in input costs and consumer
prices leads to a rise in demand, and the extent to which this higher level of demand. in
tum, generates higher outpUt, employment, real wages, income, and spending, among
other factors. Finally, we use the Arkansas State Model to estimatt· how soon and to what
degree increasing pressure from wage growth slows economic expansion. This fmal piece
is imponant as the higher wages resulting from the effects of economic growth on the labor
supply can ultimately undermine economic expansion. This, in fact, was the case in the
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late 19805 in Mass.:husetts when a tight labor supply put upward pressure on wages and
helped to end the "Massachusetts I miracle".

DR! fmds that when all of these economic factors are taken into account,
telecommunications modernization in Arkansas has generated an average of 4,800 jobs per
year since 1977, exceediDg 10,800 jobs in 1991. Moreover, these productivity
enhancements generated a cumulative total of $3.7 billion in real personal income between
1977 and 1991 (an average of over $260 million per year, with nearly $570 mi.lliOa in
1991) and almost $332 million in state IDd local laX revenue between 1m aDd 1991 (an
average of S24 million per year, up to almost $52 million in 1991). (These and all other
dollars figures in this section are expressed in 1991 dollan unless otherwise noted.)

These increases in income and tax revenue are peady enhanced by the fact that, because of
the 1.4~ reduction in the CPI in 1991 resulting from telecommunications-iDduced
efficiency gains, a dollar bought more goods and lel'Vices in Arkansas in 1991 thaD it could
have without post-1977 iDctease in telecommUDicllions usage. The real income and tax
figures reponed above represent the increase in purchasing power associated with
telecommunications advancements. For example, in 1991, personal income wu higher by
S89 million in nominal tenns, but, because telecommunications also helped lower prices,
this increase in income wu usociated with an iDcrase in purchasing power equivaJeat to
nearly S570 million. Similarly, a nominal increase of $8.1 million in state IDd local tax
revenue in 1991 translates into a purchasing power increase equivalent to Dearly $52
million. These fmdings have important implications for the average household, as
discussed in the TelecommuDicatioDS-lDduad Emdeacy Gains section below.

The physical process. of designing, constnIeting, and maintaining the enhanced
wrastnJcture also supported empJoyment and income in Arkansas. The resulting increases
in demand for materials and services to suppon the consuuction activity supponed
additional jobs and income, aDd tile resultiDg increase in consumer spending sparked still
more economic activity. DR! estimates that designing, building, and maintaining a modem
telecommunications infrastructure directly or indirectly supponed an average of 3,700 jobs
per year between 1977 and 1991.

We assume that since this CODsuuction-related effect on economic activity was unrelated to
efficiency pins, it would DOt cause the Arkansas CPI to cbaDge substantially. Thus. the
inflation-adjusted and unadjusted measurements yield the same result. DIU fmds that the
economic activity stemming from netWork design, consuuction, and maintenance supponed
$74 million in 1991 state-wide personal income. Between 1977 and 1991 this process
supponed an average of S86 million per year. Network design, construction. and
maintenance also supponed an average of almost $7.S million per year in state aDd local
tax revenues. These results are sullUlW'ized in the section titled, Network Design,
CODStnaaioD, aDd MaintenaDce Related Gains below.

Many of the benefits associated with telecommunications usage and price declines since
1977 have not yet been fully experienced. Unlike many jobs pro,rams, the imponance to
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the economy of modernizing telecommunications teehnology lies not in the initial jobs
associated with desiping and building the network, but in the long-tenn efficiency pins
made possible throughout all segments of the economy. Once these gains are incorporated
into the production process, they remain in place, and are often enhanced as finns continue
to discover new applications.
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mel. Industry Cost SaviDp

Advances in telecommunications technology induce production cost savings in all
industries. Our analysis sbows tbat Arkansas's industries bave steIdi1y reduced input.costs
as a result of improved telecommunications technology and increased consumption of
telecommunications services since 1977. The ability of the ArtaDsu ecoDOIIly to trlDs1ate
telecommunications into cost savinp is a fuDction of four factors: 1) the iDteasity with
which industries consume telecommunications to produce their output, 2) the rate at which
industries increDSt their consumption of telecommunicltioDs len'ices, 3) the rate at which
iDdustries substiQlte telecommunications services for more costly alternative inputs, and 4)
the state's industry mix.

Tllblf 111-1-1 displays the 1991 percent savinp in production costs achieved by each
iDdividuaJ Arkansas industry as a result of inftutJueture modernization since 1977. For
example, the real estate industry was able to translate its increased telecommunications
consumption into a 3.1 ~ lower per-unit production cost. Excluding the
telecommunications sector itself, the top five industries saw per-unit costs decline an
average of about 1.7~ . Telecommunications providers saw their per-unit costs decline by
37.1 ~.
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Ttlble 111-1-1

1991 Production Costs St!.l1,d Ou, to T,lecolllrnunictlliDlIs A.dwuaCIS Sillc, 1977

- .
T............._ta

T..............dons
R.1 &tate 3.1~

FiMDce adl-.ce 2.5
fabricated Metals 1.5
Traas. ad W..-ebouIiDI 1.2
Automoeive Repair 1.0
Lumber ad Wood Prod. 0.9
Penaaal SerYiceI 0.9
Primary Metals 0.9
"'iDe" ServiCII 0.8
Whol..ad IltWI TIWIe 0.8
CoIIIpUferI " Mach 0.8
Apicuhure 0.7
£lee. aDd Electroo. Equ...... 0.8
Petroleum RefiDiD. 0.8
Tobicco 0.8
food 0.7
MiJcelJaaeoo.as Services 0.7
PriDtiDa aDd PublilbiDl 0.7 .
laIcrua.all 0.6
Paperad~ 0.6
CoaatrucciOll 0.6
Cbemic&lslDd Products 0.6
Crude P.Iroleum MiaiDl 0.5
MiDiDl O.S
Motor Vebides aDd EquiJn-t. O.S
Mic. MlDufldllrial 0.5
fUJl'.iture 0.5
L.eatMr 0.5
llIdio aad TV O.S
Utiliti. 0."
Amuelll8Dtl 0."
OIlIer tI1IIIpCN1IIiaa Equip. 0.3
StaDe Clay A Glau 0.3
Rubber " PI.cieI 0.2
Textil. .Q.3

Tele~ 37.1

Artmucu - 1.2

Source: DRllMcGraw-Hill

As explained above, these cost savings are a function of telecommunications-intensity,
substitutability, and industry mix. On an industry-specific basis, however, there is another
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